This paper introduces the Mobile Assisted Inquiry Learning Environment (MAILE), an Experimental Instructional Strategy (EIS) which employs an inquiry-based learning approach to guide secondary school students to learn environmental science in an engaging way supported by mobile phones. The students are situated in both the real world and the virtual world to extend their learning experiences. The effectiveness of this innovative approach is determined by comparing the learning effectiveness of an Experimental Group (EG) exposed to the experimental strategy and a Control Group (CG) taught the same content using the pedagogy prescribed by the state curriculum. The results show significant positive results in favor of the EG in multiple dimensions of cognitive learning prescribed by Bloom's Taxonomy: Knowledge, Comprehension and Application.
Introduction
The mobile technology is opening vast educational access for the educators all over the globe. Its growth is phenomenal not only in the developed world but in the developing world as well. Mobile learning entails the kind of learning in which learners use mobile devices with digital content inside to learn in anytime, anywhere situations. Such devices include PDA, laptop computers, cellular phones with wireless communication capabilities, as well as customized hardware (Liu & Hwang, 2010) .
Mobile phones have become popular among the student community because of their cost-effectiveness, portability, and multiple operative capacity besides the social networking facilities they provide. In this study, we have addressed mobile phones as a "Pocket Technology" as it is with the students, anytime, every time and they are only too happy to pull it out to assist their classroom learning whenever the situation demands it. More than 50% of the student population has now access to mobile phones. The marriage of college students and cellphones is here to stay for both social and practical reasons (Nielsen, 2011) .
Besides SMS text messaging which is very popular among the student community, mobile phones can help students to take down lecture notes, record lectures, demonstrations, schedule classroom activities, record peer seminars, debates, assignments, microteaching activities, and demonstration lessons. Mobile phones can be used during field trips to capture relevant data, which can be later put to a detailed analysis and discussion in the classroom. Thus, they offer students a remarkable opportunity to link the real world with the virtual world.
The primary interest of the study lies in understanding how mobile learning devices can promote inquiry-based pedagogies and how technology can be used to advance educational outcomes and student learning, particularly in the rural and under-resourced areas in the world. Few technological tools or applications have been designed to support inquiry-based pedagogies. This is an area in need for further research and Loi et al. (2010) argue for more academic studies to advance our "understanding of how students engage in inquiry-based learning in mobile learning environments". This need has to be more fulfilled in the developing world, as much of the research on technologically enhanced inquiry-based learning has been conducted in the developed world.
The present study introduces a Mobile Assisted Inquiry Learning Environment (MAILE), wherein secondary students study an environmental science topic namely "mosquito-borne diseases" assisted by mobile phones. Students explore marshy areas around their school and neighborhood to observe, study, record and collect data to probe into the causes and consequences of a sudden spurt of mosquito borne diseases in their community. An attempt is also made to assess if there exists any connection between poor waste management practices of the public and rise in the incidence of mosquito borne diseases.
Theoretical Framework and Related Literature

Inquiry Learning
An important student centered strategy that is gaining prominence in the present educational scenario is Inquiry Learning. Inquiry based instruction is the creation of a classroom where students are engaged in essentially open ended, student centered hands on activities (Colburn, 2000) . It requires deeper student involvement than learning for remembering select content of knowledge or simply answering questions or getting a correct answer. It espouses investigation, exploration, search, quest, research and pursuit (Kuhlthau, 2007) . Inquiry learning is a more powerful form of learning as students have to engage multiple senses. It entails sharp observation skills, critical thinking needed to sift essential from non-essential data, compile and record facts systematically, discover relationships between variables and above all creativity in thinking to give a new interpretation to the discovered generalization.
There is a new emphasis on inquiry in the current National Science Education Standards. The standards specifically stress a reduction of learning facts in the content area of science and more emphasis on process, inquiry, deep understanding and communicating ideas. The organization states: "students understanding and abilities are grounded in the experiences of inquiry and inquiry is the foundation for scientific literacy". They recommend that teachers provide students with opportunities to "think and act in ways associated with Inquiry-asking questions, planning and conducting investigations, using appropriate tools and techniques to gather data, think critically and logically about relationships between evidence and explanations" (Kuhlthau, 2007) . In 2008, Spronken and Rachel reported on the effectiveness of inquiry based learning in geography and its benefits for teachers and students. The study revealed that when students become active in the learning process, they evinced improved understanding, more enjoyable learning, developed valuable research skills, higher order learning outcomes and showed better academic performance.
Inquiry based learning encourages teachers to allow learners to get in touch with authentic situations, and to explore and solve problems that are analogous to real life (Feletti, 1993) . Living in a democratic society it is important for the students to always understand their roles in the society. While investigating real world problems, students get motivated into the inquiry process of learning as compared to investigating some old concept in science. They are inspired to know what action could be appropriate and what would make a positive difference in improving the quality of life of themselves and their fellow beings.
This research aims to extend the experiences of inquiry learning to address real world problems connected with their immediate environment, namely the school and their neighborhood. The study is relevant in the context of rising evidences of mosquito borne diseases in India, especially in Kerala where diseases like chicken guinea and dengue were even unheard of about 10 years back.
However, inquiry involves the adoption of complex procedures and cannot be practiced by the average learner without the support of trained professionals and appropriate tools. To avoid students aimlessly wandering around, instructors need to carefully arrange the learning environments and design an interactive learning model along with meaningful learning content provided in time (Lim, 2004) .
Several studies support this view. A study by Raes and Schellens (2012) revealed that multiple scaffolding enhances both knowledge acquisition and metacognitive awareness among students learning science through web based collaborative inquiry learning. The finding by Roll and Holmes (2012) suggest that process-guidance in the form of metacognitive scaffolding augmented the inherent benefits of invention activities of learners as compared to learners without any guidance. In 2006, Sharpe examined the different dimensions of scaffolding for on-line historical inquiry. Written prompts and argumentation formed the fixed scaffolds while adaptive scaffolds include questioning, modeling and peer interactions. The above studies clearly suggest that students gain competence in their inquiry learning when they receive proper scaffolding.
Mobile Learning
Mobile phones are found to be very effective in building learning environments, extending learning experiences outside the classroom and in kindling the ingenuity, critical thinking and problem solving abilities in children.
The major affordances of mobile learning technologies for learning include mobility resulting from device portability, relatively strong computing power in small devices and always on connectivity (Hsu & Ching, 2013) . Mobile devices such as smart phones or iPod touches are vastly gaining popularity due to the availability of easy to use mobile software applications (Johnson, Levine, Smith, & Stone, 2010) . Seol, Sharp and Kim (2012) introduced The Stanford Mobile Inquiry-based Learning Environment wherein students used mobile phones to create questions in an engaging way and share them with peers in an elementary classroom. The results showed that the students were very satisfied with the activity. Hsu, Chang (2013) studied the educational value of mobile app design activities and the web based visual programming tool, and the possibility of teaching/learning mobile app design online. Meanwhile Shih, Chuang, Hwang (2010) examined how inquiry based mobile approach can be used to enhance learning effectiveness in social science by taking cognitive load into consideration.
The purpose of the study was to create awareness among parents, teachers and school authorities at large about the immense educational opportunities offered by mobile phones. In schools across India, mobile phones are a taboo, viewed as an instrument that destroys the character, morale and value system of the learners. In this context, the investigator observed that students are very eager to know, familiarize and use the new technology. It is their ignorance about its educational potentialities that prompts children to use them for recreational purposes alone. In a recent study, it has been evidenced that the game Pokémon has been downloaded 500 million times. This points to the popularity of this device among children. A powerful pedagogical tool is being underutilized (Seol, Sharp, & Kim, 2012) . Students are actively trying to communicate with each other during class on their mobile phones. So, there is an opportunity to redirect this communication towards class material through student created questions. Indeed, it is slowly being recognized and demonstrated that mobile phones are highly engaging tools to be taken advantage of and not to be prohibited (Kolb, 2008) .
In this study, mobile phones helped students to record information and share them with their peers. Students made use of the camera and video functions to record the different stages of the life cycle of mosquitoes they observed in the marshy areas around their schools and neighborhood. This helped them to later identify the different species of the mosquitoes observed and the diseases they spread. When additional information was needed, they also made use of the internet facility and Google available in the mobile phones of a few students. The information, thus collected was shared among the different group members. This helped to create a collaborative learning atmosphere. Students also used the mobile phones to text inquiry questions.
The researcher and the trainees scaffolded the inquiry process by giving them necessary hints, cues and prompts. To give proper direction to the inquiry procedure of the students, the researcher also posted questions prompting inquisitiveness, through their mobile phones. In inquiry-oriented field trips of this kind, dialogue is a key resource for scaffolding student's cognitive growth. The teachers provided verbal scaffolds-(questions, cues, prompts, supports, coaching, modelling) that enabled students to build powerful thinking strategies and conceptual understanding. The teacher's questions such as "What are the connections between what you observed and what you already know? Motivated the learner and put him in the track of true inquiry.
Research Methods
Purpose
The objective was to test the cognitive learning achievements of a group of secondary school students (EG) in learning select topics of environmental science when employing the Mobile Assisted Inquiry Learning Environment (MAILE) as compared to another group (CG) taught the same content using the activity method of instruction followed in the schools of Kerala.
Research Design
The investigator adopted the "quasi-experimental" design, "the pre-test post-test non-equivalent group experimental design" with appropriate adjustments for the present study. This meant the comparison of an Experimental Group (EG) with a Control Group (CG) for their learning of a standard content, making use of the experimental instructional strategy for the EG and the conventional classroom teaching for the CG.
The study was conducted in Kerala, India. Three districts namely Kollam, Pathanamthitta, and Alappuzha were selected for the study. Alappuzha has special importance because it is the land of backwaters, lagoons and lakes and hence the largest incidences of mosquito borne diseases are reported from this district. Besides the researcher, four teacher trainees were assigned to each school. This helped the researcher to coordinate the work more effectively. The study was conducted during the monsoon season (June, July) which is the breeding season of mosquitoes
Study Group
An experimental sample was worked out based on interest, willingness and ability of students to participate in the proposed study in consultation with the principal and concerned teachers. In each school, two groups were identified, an experimental group and a control group, by random pairing based on class test scores in science by the concerned teachers. The same procedure was repeated in all the three schools. The combined numbers available for final statistical analysis were 68 students for EG and 66 students for CG.
Instructional Design
The EG and CG were exposed to two instructional strategies respectively. Before the conduct of the experiment, the two groups were administered a pre-test to assess their entering behavior in the topic namely "mosquito-borne-diseases in Kerala". After the experimental treatment, both the groups viz., the EG and the CG received a post-test consisting of test items, giving equal weight age to all the three components of cognitive learning achievements used in the study-Knowledge, Comprehension and Application.
Design for the Experimental Group (EG)
Three learning stages were designed to guide the EG students through the inquiry process supported by mobile phones.
1) Learning stage 1
Students of the EG were given an orientation to inquiry learning, steps and procedure to be followed, instructions on how to use the mobile phones to take videos and photos of the different stages of mosquitoes' life cycle and how to create and share inquiry questions with peers and teachers. Students were divided into groups of five. Students who owned a mobile phone were allowed to use them with the permission of their parents. Most students used their own cell phones. At least two mobile phones were required for each group. However, the investigator provided four mobile phones in all to those groups where there were only one.
They visited marshy areas around their school and neighborhood, collected samples of water from these marshy areas in large trays and observed the growth cycle of the mosquito larvae contained in them. Each group also had to identify the species of the mosquitoes under observation, which they did with the help of their science teacher using microscopes available in their science laboratory. The data gathered were neatly entered in their science notebooks. Students also made use of the internet facility available in their phones to identify the diseases spread by each species of the mosquitoes they observed. This study mainly made use of the camera and video functions of mobile phones. Besides Google, a few students were familiar with the application Jott, a free web resource that enables a user to create mobile notes. Jott allows a user to create speech to text e-mails from a cell phone. The students were also given an orientation on cell phone etiquette inside and outside of school. This helped them to understand what is appropriate and what is not appropriate while using cell phones both as a learning device and a social tool. Each group of students was required to synthesize and categorize the data collected. They prepared a detailed written report on the different stages of inquiry conducted and their findings. This helped to clarify facts and stimulate higher levels of thinking and make learning permanent among group members. At this stage, each group shared their findings with other group members through a PowerPoint presentation of 8-minute duration. They were also required to chalk out a plan of action outlining what measures they would adopt to control the spread of these dangerous insects and the diseases they spread. Lesson designs were prepared strictly adhering to the "Activity-based critical pedagogy" prescribed for teaching in the state schools of Kerala. Six lesson designs were prepared to cover the topic. Science Text books were supplemented by collaborative group discussions to teach the prescribed topic.
Results
The study seeks to find out the efficacy of the Experimental Instructional Strategy (EIS) namely "MAILE" in exhibiting multiple dimensions of learning namely, Knowledge, Comprehension and Application as defined in the Bloom's Taxonomy of Educational Objectives compared to the practicing methodology followed in the secondary schools of Kerala. The statistical test of significance for difference between the means of the EG and CG has yielded a t-value of 17.15, which is far greater than the critical level set for difference at the 0.01 level, viz., 2.58. This leads to the conclusion that the EIS had a greater influence in developing the "knowledge component" of the EG as against the CG, who were taught using the practicing school pedagogy of teaching. The statistical test (Two-tailed test of significance for difference between means of large independent samples) has yielded a considerably high t-value (t = 20.93). The critical limit for significance at the 0.01 level is 2.58. The t-value obtained in the present comparison is very much higher than the above critical limit. This leads to the conclusion that the instructional strategy was very effective in developing the "comprehension component" of the EG in the selected topic when compared to the CG. The statistical test of significance for difference between means of EG and CG has given a t-value of 20.93 which is far higher than the critical level set for difference at the 0.01 level. This leads to the conclusion that the experimental strategy was very effective in developing the "application component" of the EG in the selected topic when compared to the CG. 
Student Evaluation of MAILE
Students were required to evaluate their preference for MAILE as an innovative and engaging method of science learning as compared to the practicing Activity-based classroom Pedagogy, by expressing their preferences in a survey which included closed ended Likert-Type question. Students evaluated their preference for MAILE on a four-point Likert-scale from (Very satisfied to Not satisfied). 
Discussion of Findings
Results of the analysis clearly show that high t-values were obtained for all the three components of learning effectiveness-namely knowledge, comprehension and application. This is a clear proof that the EIS namely Mobile Assisted Inquiry Learning Environment (MAILE) is very effective when compared to the practicing teaching methodology followed in the schools of Kerala. The special advantage towards comprehension component of learning effectiveness of the EG could be because students had a chance to gain an in-depth understanding of the learning content by physically observing the life cycle of the mosquitoes and this experience strengthened their understanding and application capabilities with respect to the learning of the content when compared to their counterparts in the CG who studied the content based on the text book facts. The students in the EG not only performed their individual observations but also shared their findings and discussed their observations with the peers in the group. Moreover, they also made use of their mobile pictures and videos in the process of learning which helped to concretize the concepts involved. This helped to strengthen their application skills.
As shown in the Figure 7 above, students were asked to evaluate their preference for MAILE as an innovative experimental pedagogy. The results show that 85% of respondents (58) were very satisfied with MAILE, while 7% (5) mostly agreed, 5% (3) slightly agreed and 3% (2) strongly disagreed. A personal interview was conducted with the two students who strongly disagreed to this new method. One student opined that "I find inquiry very boring and tiring". The other student's view was "I am not comfortable with mobile phones and I do not like wandering outside. I understand better when my teacher teaches me using the blackboard".
Another interesting observation was that the EIS namely "MAILE" was found to be very effective for the slow learners as they could learn by seeing, doing and interacting with their physical environment instead of listening to teachers and memorizing facts from their text books. As for the gifted students, the inquiry learning provided by MAILE helped them to engage their curiosity, to go beyond just fact finding to synthesize and assimilate facts, to construct new ideas and develop deep understanding. For the students, it was their first learning experience both in terms of inquiry learning and using mobile phones. The field work thrilled them and all the students of the EG participated wholeheartedly. It came as a surprise for them, to see mobile phones (which was until then a taboo in the school compound) being distributed among their peers with the consent of their teachers. This experience served as an eye-opener to both the students and their teachers regarding the immense educational opportunities offered by the mobile phones.
Conclusion and Future Research
This research emphasizes the effectiveness of an experimental instructional strategy namely Mobile Assisted Inquiry Learning Environment (MAILE). We have addressed it as a "Pocket Technology" as it is with the students, anytime, every time and they are only too happy to pull it out to assist their classroom learning whenever the situation demands it. Our primary interest lies in understanding how mobile phones can promote inquiry-based pedagogies and how technology can be used to advance educational outcomes and student learning.
The results show that the students' cognitive learning achievements made significant improvements in all the three-multiple dimensions of learning-Knowledge, Comprehension and Application. However, MAILE was found to be most effective in promoting comprehension capabilities among students when compared to the other two. Again, MAILE is more effective in promoting application component of student learning when compared to that of knowledge. This is a clear indication that the EIS is more effective in promoting higher order learning objectives. To establish this, more research is needed to find out the effectiveness of MAILE on higher learning outcomes such as Analysis, Synthesis and Evaluation and on Total Cognitive Outcomes. Student evaluation of MAILE also clearly indicates that 85% of the students were very satisfied with MAILE.
This study was confined to only three districts of Kerala. Moreover, only public schools belonging to the rural and sub-urban areas were included. One science topic "Mosquito-borne diseases of Kerala" and only three objectives of the cognitive domain of Bloom's Taxonomy were considered. More research is needed to find out the effectiveness of MAILE on higher order cognitive outcomes. A comparative study of the mean total cognitive terminal behavior scores of the experimental group and control group and mean cognitive terminal behavior of the sub-components of each of the two groups, and intercorrelations among the different objectives are areas that needs further research.
Implications
Based on the findings of this research, educators need to reconsider how learning situations can be made more interesting and engaging by introducing field work and new generation tools like mobile phones, how teachers can take advantage of student curiosity and prepare them to be creative thinkers and active problem solvers. An interesting behavioral change that was observed in the students is that they became aware of the seriousness of the diseases spread by mosquitoes, what preventive measures need to be taken, and vowed to take this understanding back to their neighborhood and do all what they could to keep their surroundings clean. All the students collectively expressed the dire need for a community awareness program to educate the public on how the unhealthy habit of dumping household and commercial wastes in waterbodies, open areas and marshy lands was threatening the life of themselves and their children.
Confident with the success of MAILE, we are planning to extend it to other lessons, subjects and disciplines. Hopefully we may be able to extend it to other districts, states and even nation-wide. 
